The methods suggested for the identification of species of the genus Bacillus in the invaluable monographs of Smith et al. (1946 Smith et al. ( , 1952 have been applied to a collection of named cultures, and also have been utilized for the classification of approximately 400 strains of these organisms isolated from samples of blood, spinal fluid, surgical tissue, and other human and animal sources, as well as from laboratory dust, and soil. In the course of this work certain additional and modified techniques have been tested which appear to supplement those of Smith et al. in a useful way. In particular, the differential value of positive fat staining, of fermentation tests in tryptose agar, and of observations of the mode of spore germination has been appraised. Special procedures for differentiation of Bacillus licheniformis from Bacillus subtilis and Bacillus pumilus, and for the identification of both virulent and avirulent strains of Bacillus anthracis, have been tested. In the following report reference is made in detail only to the nine saprophytic species which in our experience are most likely to be encountered as contaminants from the laboratory dust, and in specimens from human beings or experimental animals, and which must be distinguished from B. anthracis. These species are B. cereus, B. mycoides (B. cereus var. mycoides, Smith et al., 1952) Routine descriptive and differential procedures. The general morphology of the vegetative and sporulating forms, and the amount and intracellular distribution of the stainable fat, were observed by preparing smears stained with the improved form of the Sudan black B-safranin fat stain (Burdon, 1946) from cultures 6 to 9, 18 to 24, and 36 to 48 hr old. The slides were flooded with Sudan black B solution (0.3 g of the stain2 in 100 ml of 70 per cent alcohol) and left undisturbed for 20 to 30 min, or until the stain dried on the smear. The smears were then blotted dry, cleared by repeated dipping in xylol in a Coplin jar, again blotted dry, and then counterstained lightly by 0.5 per cent aqueous safranin.
Polychrome methylene blue, or toluidine blue was used, in preference to the gram stain, when an especially clear definition of the shape and arrangement of cells and spores was desired, and as the preferred stain for demonstration of the capsules of B. anthracis and of the McFadyean reaction (Mackie and McCartney, 1953) .
Cultures were examined microscopically for motility in hanging drops after incubation in a 37 C water bath for about 4 hr, or in an ordinary incubator at 35 to 36 C for about 18 hr.
BUITDONO.
The colony forimis inost (listinctive to the naked eve were the giant colonies obtained when Frazier's gelatin-agarl plates (Frazier, 1926) were inoculated in a center spot only. Agar colonies on streak plates weere routinely examined under a binocular dissecting microscope.
The characteristics of the growtli in broth, in )romncresol purple milk, on potato slants and on coagulated (Loeffler's) serum slants were observed and recorded in detail.
Fermentation tests were perfoirmed in bromcresol purple agar butt-slants containing 1 per cent of glucose, lactose, mlannitol or maltose. The basic medium was composed of: tryptose, 20 g; NaCl, 5 g; agar, 15 g; dissolved in 1 L of distilled water, adjusted to have a final pH of 7.0. To each 250 ml of this medium, after autoclaving and cooling to 50 C, was added 0.25 ml of a 1.6 per cent alcoholic solution of bromcresol purple indicator, and 12.5 (Frazier, 1926) To test for anaerobic fermentation of gas from nitrate the medium of Gibson (1944) , as modified by Smith et al. (1952) , was used, and the lroce- (1952) .
The mode of spore germination was determined by direct observation of germinating spores in an agar block culture. Drawings of individual germinating spores at timed intervals were made with the aid of a camera lucida and by free hand. Also impression smears which could be fixed and stained (Bisset, 1938) were prepared. Saline suspensions of spores from agar slant cultures were heated at 65 C for 30 min.
A loopful of this suspension was inoculated upon a 1-cm square block of sterile agar. This was placed, inoculated surface down, upon a sterile cover slip, which was then mounted upon a special microculture slide (figure 1). The medium contained: tryptose, 2 g; glucose, 0.5 g; and agar, 2.5 per 100 ml distilled water. It was centrifuged aseptically until perfectly clear before use. Individual spores were located in the microculture under the oil immersion objective and watched while germination proceeded at room temperature. The type of germination was usually obvious within 2 hr, and always within 4 hr after the microculture was set up.
Tests for differentiation of B. anthracis from B. cereus. Aside from determinations for motility and virulence, the following characteristics were checked.
The hemolytic action was tested on 7 per cent sheep-blood agar streak plates, and also by incubating the supernatant after centrifugation, or the filtrate of broth cultures, with a 2.0 per cent suspension of washed sheep or rabbit erythrocytes.
The speed and completeness in the reduction of methylene blue was observed in a soft agar medium containing: tryptose, 20 g; NaCl, 5 g; and agar, 8 g per L. After autoclaving, the medium was cooled to 55 C and a sufficient amount of a 1 per cent aqueous solution of methylene blue was added to give a distinct, but faint, blue color. The completed medium was adjusted to a final pH of 7.2 to 7.4, and distributed aseptically into 13-by 100-mm (or larger) test tubes, to make an agar column several inches deep. Inoculations were made by a single stab with a straight needle, and the cultures were checked for growth and loss of color, in comparison with uninoculated control tubes, after incubation for 24 to 48 hr.
The sensitivity to penicillin was determined by inoculating slants of tryptose agar, or trypticase soy agar, to which a solution of penicillin G had been added in the amount of 10 units per ml of agar. The slants were inoculated by a single streak and observed for growth during incubation for 48 to 72 hr.
The ability to ferment salicin was observed in cultures in tryptose broth containing 1 per cent of the pure carbohydrate and bromcresol-purple indicator.
Growth at 45 C was tested with agar slant cultures in the same manner as described above for similar trials at 55 to 56 C.
The capacity to form smooth, mucoid colonies containing capsulated bacilli on bicarbonatecontaining agar was determined by use of the medium of Thorne et al. (1952) . These authors, and Chu (1952) , have shown that virulent anthrax bacilli, but not avirulent strains, will form their characteristic polypeptide capsule in vitro in the presence of excess CO2 in the medium or in the atmosphere. Plates were inoculated rather heavily, then tightly sealed with tape before incubation. The medium consisted of: dehydrated nutrient broth (Difco), 0.8 per cent; yeast extract (Difco), 0.3 per cent; glucose, 0.5 per cent; and agar, 2.5 per cent. A 7 per cent solution of sodium bicarbonate, sterilized by filtration, was added to the sterile agar medium in a final concentration of 0.7 per cent. The final pH was 8.5.
RESULTS
Differential value of fat staining. Observations (Burdon, 1946) anthracis, and B. mycoides (figure 2:2, 3, 4; figure 4:1). The latter three species could not be differentiated from each other by the fat stain. The morphological differences between these organisms and other species having "sporangia not definitely swollen" (Group I of Smith et al. 1952) were found always to be accompanied by obvious differences in the amount and appearance of the intracellular fat. Certain cultures of B.
subtilis, B. pumilus, and B. licheniformis (the most thoroughly studied species) contained at times a high proportion of organisms which showed only traces of stainable lipid. When present, the fat was distributed mostly at the ends of the rods (figure 3:6; figure 4:3, 4, 5). A similar pattern was observed in cultures of B. firmus, B. lentus, and B. coagulans. B. licheniformis was commonly, but not regularly, distinguishable from B. subtilis and the other species by a relatively distinct staining of the intracellular lipid droplets (figure 3:5; figure 4:4), as well as by the long and slender shape, and not infrequent chained arrangement, of the organisms.
Stainable lipid material was usually present in conspicuous amounts in the form of numerous, more or less discrete droplets in the cells of B. brevis (figure 3:7; figure 4:6), although cultures sometimes contained many cells which were apparently free of fat. Well-staining fat droplets were regularly observed in all cultures of B. circulans (figure 4:7).
Smears of B. sphaericus constantly showed a unique picture, the stainable intracellular lipid being distributed mostly as thin strips, or tiny droplets, along the very edges of the bacilli (figure 3:8; figure 4:8). It has been generally observed that the accumulation of the intracellular fat in all species begins along the cytoplasmic membrane. In the case of B. sphaericus, and some other bacteria previously described (Burdon, 1946) , much of the fatty material apparently remains in this location, often causing an outward bulging in the membrane toward the invisible (unstained) cell wall.
The precise circumstances which account for (22) + (5) 4 (3) +++ (17, + (1) i (2) - (19) - (21) + (3) _L ++++ (41) (8) +++ (29) ++ (32) + (I - (3) 1+ (1) 1- (25) i- (4) - ( (3) ++ (5) - (2) B. pumilus 22 +++ (6) ++ (8) |-+++ ++ (6) ++ (16) (1) +++ (1) ++++ (1) +++ (t) ++ (1) ++ (1) +++ (1) Total.. 182 * Gas as well as acid formed. (4) i (5) - (8) B. licheniformis 10 ++++ (7) _ +++ (1) ++++ (7) + (3) + (7) + (2) - (2) 4 (1) Later, as the organisms were more widely studied, the manner of germination was not always interpreted in the same way in different strains of bacilli supposedly belonging to the same species, and several authors expressed doubt as to the constancy of the germination process in a given variety (Lawrence and Ford, 1916; Soule, 1932; de Soriano, 1935; Gibson, 1944) . In the determinative key of Smith, et al. (1952) , and in Bergey's Manual (Breed et al., 1948) no mention is made of spore germination as a taxonomic tool.
Our studies confirmed, however, the findings of Lamanna (1940a) , and of Knaysi and Gunsalus (1944) , who concluded that when the modes of germination are clearly defined and differentiated they are found to be constant for any one species. Lamanna (Knaysi, 1951) (Wende, 1952) . These differences in mode of germination are in full agreement with electron micrographs of the germinating spores of these species (Knaysi, 1951) . Since the new vegetative rod rarely emerges from the exact center of the longitudinal axis of the spore, but rather from some point between this center and the pole, we have adopted the suggestion of Knaysi, and refer to the process as lateral, rather than equatorial germination.
The mode of germination of B. pumilus spores was most often observed to be identical with that of B. subtilis. However, the comma-shaped and horse-shoe-shaped forms described by Lamanna were seen more frequently than with other species (figure 6). Occasionally a germination in which there was no definite splitting of the spore case was recorded. Hence, it would appear that the process is more varied in the case of B. pumilus than in the related species.
B. brevis spores, like those of B. licheniformis, were seen to germinate by the simple emergence of the new cell from the intact spore case. We are less certain of the process in the case of B. circulans spores, but on the basis of a few observations have tentatively listed them as germinating likewise by simple lateral emergence, without any sign of splitting of the spore coat.
In working with unknown cultures there was no need to determine the mode of spore germination except to confirm the identity of B. licheniformis and to separate this species from B. subtilis (or B. pumilus). For this purpose an unequivocal decision as to the mode of germination in progress in the agar block spore culture could usually be made within two hours after the culture was set up.
Other differential tests. The additional properties and tests in tables 4 and 5 were found of notable value in identification of the listed species. Some idea of the extent of variation encountered is indicated in table 5. It is not possible to convey adequately in such tables the range of subtle differences in cultural appearances, in biochemical activities and physiological properties exhibited by collection of these organisms. Variant strains were encountered with a disturbing frequency. Despite diversity in details, however, an over-all pattern peculiar to each species remained discernible. Only about 3 per cent of the approximately 400 unknown cultures examined remained not fully identified.
Certain outstanding characteristics were especially helpful in recognition of particular spe- for B. mycoides, the cereus-anthrax-like chains bacilli, always with abundant fat, sporangia and fatty inclusions, poor growth on potato, and bulging with oval spores, free spores thick-walled the mycelioid colony ( figure 7) ; for B. pumilus, with remnants of cytoplasm often adhering to the subtilis-like morphology with little fat, the one side, the active production of acid in tryptose sparse, yellow growth on potato, the failure to agar media from lactose as well as from glucose, hydrolyze starch or to reduce nitrate; for B. mannitol and maltose; for B. brevis, the relatively circulans, the small pleomorphic "diphtheroidal" large, gram variable, cigar-shaped cells, the failure to form sufficient acid to change the indicator color definitely in tryptose agar media containing glucose or other carbohydrate, inability to hydrolyze starch or to reduce nitrates; for B. sphaericus, the stainable fatty material characteristically distributed around the periphery of the cells, the thick-walled round spores, the negative tests for fermentation of carbohydrates, for starch hydrolysis and for reduction of nitrates.
Identification of B. licheniformis. In table 6 the principal differences between the newly designated licheniformis species (Smith et al., 1952) and the Marburg strains of B. subtilis and B. pumilus, observed by different investigators to date have been summarized. Some of these differences were mentioned in the older, incomplete descriptions of "B. subtilis," "B. vulgatus" or "B. mesentericus" and their variants by Ford and others, but the information which finally resulted in separation of B. licheniformis as a species emerged from the more thorough studies of a number of workers in recent years, especially in the publications of Lamanna (1940a Lamanna ( , 1940b Lamanna ( , 1940c Lamanna ( , 1942 , Burdon et al. (1942b) , Knaysi and Gunsalus (1944) , Gibson (1944) , Gibson and Abdel-Malek (1945) , Burdon (1946) , Blackwood et al. (1947) , Knight and Proom (1950), and Neish (1953) . Our cultures of B. licheniformis differed from those of B. subtilis most distinctly and consistently in their ready growth at 55-56 C, evident fermentation of maltose in tryptose agar medium, relatively slight changes in milk medium, usual formation of reddish pigment on potato, anaerobic growth and fermentation of glucose, anaerobic production of gas from nitrate, and rapid spore germination without splitting of the spore case.
Possibly another property of B. licheniformis, considered to be characteristic by Gibson, namely, formation of filamentous out-growths at the periphery of agar colonies, and along the edge of agar slant growths, with frequent marked adherence to the agar surface, should be added 19561 BURDON Figure 7 . A typical rhizoid colony of Bacillus mycoides (B. cereus var. mycoides, Smith et al., 1952) .
to the list of differential points. We often observed this kind of growth, particularly in giant colonies on gelatin-agar, but are doubtful whether it is constant enough to be of definite determinative value. Smith et al. (1952) (Gibson, 1944 No motile cultures of B. anthracis were encountered. Non-motile strains of B. cereus were isolated, however, and the uncertainty of motility as a differential criterion (Brown, Cherry, Moody and Gordon, 1955) , together with the technical limitations involved in determining this characteristic, suggested that it be eliminated from a list of chief differential properties.
In addition to their usual lack of motility, inability to ferment salicin, and their relatively feeble capacity (as compared with B. cereus) to cause hemolysis, reduction of methylene blue, and peptonization of milk, noted by Stein (1944) and others, virulent strains of anthrax bacilli could readily be identified by two further negative properties (their failure to multiply at 45 C, or on agar containing 10 units of penicillin per ml) and finally by their possession of a significant positive attribute (the formation of smooth mucoid colonies, containing capsulated bacilli, on sealed plates of bicarbonate medium). A perfect correlation was found between this capacity to form capsules in vitro, and virulence for mice (Burdon, Comstock, Wende, and Henry, 1955) . The cells of B. cereus did not become encapsulated when cultivated on the same bicarbonatecontaining medium, or on a serum agar in an atmosphere of C02, as used by Chu (1952) and by , nor did they form capsules in vivo, even though strongly hemolytic strains may kill mice in a few hours' time (Burdon, 1947) .
The manner in which use of the differential properties of table 7 may serve the practical purpose of identifying a virulent anthrax culture is illustrated by a recent experience in culturing samples of bonemeal, some of which were known to have been contaminated with anthrax spores some years previously. Of 132 anthrax-like strains isolated from the original cultures, or from mice inoculated directly with the bonemeal material, all but one were classified as probably B. cereus. Of these 131 strains, 125 (95 per cent) were frankly hemolytic on sheep blood agar plates in 18 to 24 hr, while the remaining 6 showed such a slight degree of hemolysis as to suggest that they might be anthrax colonies. All of these 6, however, showed other properties characteristic of B. bicarbonate medium, and their non-mucoidal colonies resembled those of typical B. cereus, although they were still distinguishable. Hemolytic action was marked and cereus-like in 14 of the 18 strains, and 9 of the cultures reduced methylene blue almost as thoroughly as B. cereus does. All showed a somewhat more vigorous growth than they did originally on various media; this was reflected in a somewhat more rapid peptonization of milk. All but 6 strains had lost sensitivity to 10 units/ml of penicillin, and all but 5 grew at 45 C. Despite these changes differences remained which could be appreciated if one had typical cultures of B. cereus at hand for comparison. All the avirulent anthrax strains retained some of the characteristics of B. anthracis, and not more than 3 of the 18 strains have as yet shown at the same time all the changes toward a cereus-like organism mentioned above. For a definitive identification of such strains, however, some further specific test for B. anthracis, if such exists, is obviously needed. Perhaps this will be supplied by the availability of a specific bacteriophage .
DISCUSSION
The reported findings suggest the practical value of positive fat staining as a first step in working out the identification of an unknown aerobic spore-forming bacillus. Contrary to a general impression, media containing fermentable carbohydrate are not required for the appearance of stainable fatty inclusions in typical form and amount. The tentative classification indicated by the consideration of the fat staining as well as the general morphology may then be confirmed or amended by the results of a well-defined set of empirical tests and observations revealing characteristic physiological, cultural, and biochemical properties.
The performance of fermentation tests in tryptose agar butt-slants is recommended, even though in such an organic base medium acid production, and consequent visible changes in indicator color, is suppressed in particular instances by simultaneous alkali formation. It happens that the cases in which signs of fermentation are suppressed are as constant as those in which there is evident acid change, hence information of genuine differential value is obtained by a somewhat unorthodox procedure. The tryptose agar has the advantage of assuring good growth of all the common species. Only four sugars-glucose, lactose, mannitol, and maltose-need be used.
The extended studies on the modes of spore germination, made by direct microscopic observation of individual spores, have furnished convincing evidence of the essential constancy of the basic process in each individual spore of any one species. It is a fortunate coincidence that in connection with the chief taxonomic question involving the genus BaciUus which has occupied the attention of bacteriologists in recent years, namely, the validity of B. licheniformis as a species separate from B. subtilis, ( na, 1954) we have the most clear-cut example of how the constancy of the mode of spore germination serves to confirm a species differentiation, and to underline the other differences between the two organisms. The ease with which the process of spore germination can be checked in agar block cultures should encourage more frequent observation of this interesting phenomenon.
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SUMMARY
The results obtained by using certain supplementary procedures and modifications of the methods described by Smith et al. (1946 Smith et al. ( , 1952 for the identification of Bacillus anthracis and other aerobic sporeforming bacilli are presented. In particular, the differential value of positive fat staining, of fermentation tests in tryptose agar butt-slants, and the constancy and taxonomic significance of the mode of spore germination are appraised. Methods for the positive identification of virulent strains of B. anthracis, without motility or animal virulence tests, are described, and the problem of recognizing avirulent anthrax strains is discussed.
